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A. LE CERVEAU : ORGANE CIBLE DE LA VITAMINE A ET DES 
HORMONES THYROÏDIENNES

I- Données générales sur la vitamine A

I.1. Définitions
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I.2. Source et stockage
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Figure 1 : Formules chimiques de quelques rétinoïdes. 
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Figure 2 : Stockage, transport et mode d'action de la vitamine A
AR : acide rétinoïque ; CM : chylomicrons ; CMR : chylomicrons remnants ; CRABP : "cellular retinoic 
acid binding protein" ; CRBP : "cellular retinol binding protein" ; RAR : récepteur de l'acide rétinoïque 
tout-trans; RARE : élément de réponse à l'acide rétinoïque ; RBP : "retinol binding protein" ; RE : 
rétinyl esters ; ROH : rétinol ; RXR : récepteur de l'acide 9-cis rétinoïque ; TTR : transthyrétine. 
(D'après Blomhoff, 1994) 
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I.3. Transport vers les tissus cibles
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I.4. Métabolisme
I.4.1. Principales voies métaboliques 
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I.4.2. Métabolisme cérébral 
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Figure 3 : Métabolisme de la vitamine A
ADH : alcool-déshydrogénases ; ALDH : aldéhyde-déshydrogénases ; AR : acide rétinoïque ; CRABP 
: "cellular retinoic acid binding protein" ; CRBP : "cellular retinol binding protein" ; RBP : "retinol binding 
protein" ; SDR : « Short-chain Deshydrogénases / reductases ». 
(D'après Duester, 1996) 
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Figure 4. Principales étapes de la désiodation de la thyroxine
T4 : thyroxine ; T3 : triiodothyronine ; rT3 : reverse T3 ; 3,3’-T2 : diiodothyronine. 
: 5’ désiodation ;         : 5 désiodation 




/ ,C! 0>, , 08!,  0CL%!!, %"", - figure 5 ,  /,,- 3/ ",
.""", ;""%."/%,  "/ <"/!  0CL ,, .! B"  "0C330C, 1% ,-.>  "/
 0C-, %8"%! *9   0C 3%!2 ""78@8 -<"- ! /8!  3/ "/  0C"%=-%!
*92"0C3 0/"/8,*+/!,8!  /,,/ #TTO2(,6;8,3%!.%3/",
,C! 0- %,-, ,!  "/ KOKO7 - /% 0C!%! *'   0C6%!2   "/ KOK7
 %% 0C!%!*K %% 0C!%!2(
/ 8/$% - , 08!,  0CL%!!, 3"/,8/ %1, .,3!!  ? "/ ;8
3-.,'	.0S"088" /6',-%1, !+%!'&;%,,3-%?."%
K ,-%1 *+ /!, H! 
&&#2( / ' ,  .!,%-- 3" B  .88 ! 308!
.!, % /!  ! , .J 3-%30-%1 08!,  0CL%!!,( / K ,  "08!
 0CL%!!"/3",/. %+*/8",#TK2(/+%3%!.%3/"3. %!K%"", -
figure 48 ![+!8!-,%/ %!3-%30-%1'3/,!SC8,-,%/,,(
/  0C6%! 6. ! - .! B" !-</ %; ? "/ ;%, / !%+/  "0C330C,   
"0C3 0/"/8,/3>,/+%- - /!,;8-%!,% !K(

/!, ".+/!8=,,- ,! 8%,!-+%!.13",&X"/
K, 3% ?3/ %"/'3/!O-,%/ %!./ /"C,-3/"/O-,%/, C3
*+/!,%/!. .""(
&&
2(8/%! %!!.!.! / %!30C,%"<%1K/!,
. </! ",!-"-+/ %!, /6,-%1,', 38%,via "/  /!,;8/ %!,
08!,  0CL%!!, *K '2 ! ;8, %!/. %+, *


























Figure 5. Métabolisme, transport et mode d'action des hormones thyroïdiennes
DIT : diiodothyrosine ; HT : hormones thyroïdiennes ; I
-
 : iodure ; I2 : iode moléculaire ; MIT : 
monoiodothyrosine ; T3 : 3,5,3'-triiodothyronine ; T4 : 3,5,3',5'-trétraiodothyronine ; TBG : "Thyroxin 
binding globulin" ; TETRAC : acide tétraiodothyroacétique ; TR : récepteur nucléaire de la 
triiodothyronine ; TRE : élément de réponse de la triiodothyronine ; TRIAC : acide triiodothyroacétique 
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II. Mode d’action cellulaire de la vitamine A et des hormones 
thyroïdiennes
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II.1. La superfamille des récepteurs nucléaires
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AR androgènes EAR-1 
ER œstrogènes EAR-2 
GR glucocorticoïdes EAR-3 (COUP-TF
MR minéralocorticoïdes ERR-1 
PR progestérone ERR-2 
RARα,β,γ acide tout-trans rétinoïque HNF4 
RXRα,β,γ acide 9-cis rétinoïque NGF1B (NUR77)
TRα,β hormone thyroïdienne TR2 
VDR 1,25 dihydroxyvitamine D3 NURR1 
PPAR acides gras - éicosanoïdes  
*LXRα oxystérols  
*FXR dérivés des farnésols  
*PXR dérivés des prégnates  
*CARβ androsténol  
   

Sur la gauche les récepteurs sont présentés avec le ligand naturel connu pour lequel ils ont 
la plus grande affinité. Sur la droite, sont listés les récepteurs orphelins dont les ligands, s'ils 
existent, n'ont pas encore été identifiés. 
Abréviations : AR : récepteur des androgènes ; ER : récepteur de l'œstrogène ; GR : 
récepteur des glucocorticoïdes ; MR : récepteur des minéralocorticoïdes ; PR : récepteur de 
la progestérone ; RAR : récepteur de l'acide rétinoïque tout-trans; RXR : récepteur de l'acide 
9-cis rétinoïque ; TR : récepteur de la triiodothyronine ; PPAR : récepteur des activateurs de 
prolifération peroxysomale ; VDR : récepteur de la vitamine D3 ; EAR : récepteur apparenté 
à v-erbA ; ERR : récepteur apparenté au récepteur de l'œstrogène ; HNF4 : facteur nucléaire 
mis en évidence dans l'hépatocyte ; CARβ : récepteur actif constitutivement ; TR2 : 
récepteur testiculaire ; Nur77 : clone de l’ADNc 3CH77 up-régulé par NGF ; Nurr1 : 
récepteur lié à Nur 1 
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II.1.2 Structure générale des récepteurs nucléaires
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II.1.3 Mode d'action  
Figure 6 : Architecture des récepteurs nucléaires

(a) Les différents domaines des récepteurs nucléaires (A-E/F) 
(b) Superposition des structures des domaines C du RXR (rouge), du RAR (cyan), et du TR (bleu).
Chacun des deux ions de Zinc (orange) est lié à quatre atomes de soufre (jaune) appartenant
à des cystéines conservées (vert). L’hélice α qui reconnaît la plupart des séquences AGGTCA
est mentionnée (hélice de reconnaissance). 
D’après Rastinejad (2001). 
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II.1.4 Interaction des récepteurs nucléaires
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II.2.2 Les différents récepteurs
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Figure 7. Modèle d’activation en deux étapes des récepteurs nucléaires
ARtt : acide rétinoïque tout-trans ; CBP/P-300 : ″CREB-binding protein″ ; COACT-X : autres 
coactivateurs ; NcoR : ″nuclear receptor co-repressor″ ; RAR : récepteur de l’acide rétinoïque tout-
trans ;RARE : élément de réponse à l’acide rétinoïque ; RXR : récepteur de l’acide rétinoïque 9-cis ; 
SMRT : ″silencing mediator for retinoid- and thyroid-hormone receptors″ ; SRC-1 : ″steroid receptor 
co-activator″.
(D’après Rosenfeld et Glass., 2001) 
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II.3. Les récepteurs nucléaires de la triiodothyronine

II.3.1 Les différents récepteurs 
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II.4. Régulation de l’expression des récepteurs et interactions entre les voies 
d’action des rétinoïdes et des hormones thyroïdiennes
II.4.1. Autorégulation des récepteurs 
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II.4.2. Hétérorégulation des récepteurs et interactions des voies d’action 
des rétinoïdes et des hormones thyroïdiennes 
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III- Rétinoïdes, hormones thyroïdiennes et physiologie du 
cerveau adulte
III.1. Implication des rétinoïdes dans le fonctionnement du cerveau adulte
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III.2. Implication des hormones thyroïdiennes dans le fonctionnement du 
cerveau adulte
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III.3. Gènes cibles des rétinoïdes et des hormones thyroïdiennes, impliqués 
dans la plasticité synaptique et étudiés dans ce travail de thèse
III.3.1. Quelques données sur la plasticité synaptique et la 
potentialisation à long terme (PLT) 
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III.3.2. Gènes cibles des rétinoïdes et des hormones thyroïdiennes, 
étudiés dans ce travail de thèse 
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B. RETINOÏDES ET HORMONES THYROÏDIENNES AU COURS DU 
VIEILLISSEMENT CEREBRAL

I. Quelques généralités sur le vieillissement
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« Aging seems to be the only available way to live a long life » 
(Daniel François Esprit Auber) 
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II. Le vieillissement cérébral
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III. Les statuts vitaminique A et thyroïdien au cours du 
vieillissement cérébral

III.1. Vieillissement et biodisponibilité de la vitamine A

, !!-, <-!-/", *30C,%"<%1,2 .!.!/!  ", "/ %!, !  " , /  
+% /8%!%1  "+%%""%,,8! ,! ?. $3",,.%3 %+,163"%./ %+,(.,
 +%%""%,,8!  ", 8%;%./ %!,  8- /="%,8  "/ +% /8%!  , .//. -%,! 
! /88!  3/ , .!.! / %!, -"+-, /!, " ;% .0S "088 *./!   .""(
#TVT2.0S"/ *+/! .""(
&&'2 .0S"/,%,*!=8 ",!#T'2(
                                                                                                                          Données Bibliographiques
'

",3-.%,-8!  "/. %+% -0-3/ %1"*!SC8,3!,/="", -%;%./ %!
- %!" ! - %!C" , ,2 /<8!  /+. "U< /", 1 "/. %+% - !SC8/ %1 0C"C,
, - %!C", ,%8%! *=/0/! .""(#TT#2(63,,%! "/*3 -%!
 /!,3   - %!"2 ,.C .08,'O& *!SC8, %83"%1-,/!, "8- /="%,8
"2 ,  -</"8!  8%;%- / .,  +%%""%,,8!  *=/0/!   .""( #TT#F
H/8/8  .""(
&&&2(
 , /   +% /8%!%1  !,  3/, ,"8!  .//. -%,- 3/ " !%+/ , -,+,
0-3/ %1,8/%,/,,%3/"/./3/.% -"</!%,8? /!,3  ? %"%,;;%./.8! "
- %!"(,./3/.% -,,! /" --,/.,+%%""%,,8! *S/L,7/,. .""(#TTO2(
,+!,3/"/,% 1",8%;%./ %!,.!.!! /,,%"/. %!!."-/%"/.%
- %!L1(

III.2. Vieillissement et statut thyroïdien
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IV. Actions cellulaires des rétinoïdes et des hormones 
thyroïdiennes au cours du vieillissement
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C. RETINOÏDES, HORMONES THYROÏDIENNES ET ALCOOL
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II. Alcool et cerveau
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III. Alcool et statuts vitaminique A et thyroïdien

III.1. Alcool et statut vitaminique A
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Figure 8 : Métabolisme hépatique de l’éthanol, dans différentes conditions 
d’alcoolisation (D’après Lieber, 1997) 
A) En présence de faibles concentrations d’alcool, le métabolisme hépatique de l’éthanol fait 
intervenir de manière prépondérante la voie de l’alcool déshydrogénase (ADH). B) En présence de 
doses aiguës d’alcool, le métabolisme de l’éthanol fait intervenir à la fois la voie de l’ADH et la voie 
microsomale (cytochromes P450). Il y a alors compétition de substrats entre l’éthanol et d’autres 
xénobiotiques au niveau des cytochromes P450, conduisant à une fragilité hépatique des sujets 
alcooliques. De plus, dans ce cas, l’éthanol par compétition de substrats au niveau des ADH peut 
inhiber le métabolisme du rétinol. C) La consommation chronique d’alcool induit les cytochromes P450 
et augmente fortement leur activité enzymatique. Dans ces conditions, cette voie microsomale devient 
prépondérante dans le métabolisme de l’éthanol et intervient également dans le métabolisme d’autres 
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IV. Alcool et action nucléaire des rétinoïdes et des hormones
thyroïdiennes
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A retinoic acid receptor antagonist suppresses brain retinoic acid receptor overexpression 
and reverses a working memory deficit induced by chronic ethanol consumption in mice(
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Ethanol consumption reverses the age-related hypo-expression of triiodothyronine and 
retinoic acid nuclear receptors and associated target genes coding for neurogranin and 
neuromodulin, in mouse brain. 
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Moderate ethanol consumption suppresses an age-related relational memory deficit in 
mice: involvement of retinoid and triiodothyronine signalling pathways. 
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Relationship between long-term alcohol consumption and retinoic acid and 




































EFFETS D’UNE CONSOMMATION CHRONIQUE D’ALCOOL
SUR L’ACTION CELLULAIRE DE L’ACIDE RETINOÏQUE ET 
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EFFETS D’UNE CONSOMMATION CHRONIQUE D’ALCOOL 
SUR L’ACTION CELLULAIRE DE L’ACIDE RETINOÏQUE ET 
LA MEMOIRE DE TRAVAIL CHEZ LA SOURIS ADULTE 
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Dans ce contexte, l’objectif de la première partie de ce travail de thèse était 
d’éprouver une hypothèse qui impliquait la surexpression des récepteurs de l’acide 
rétinoïque dans la genèse de certains troubles neurobiologiques et mnésiques observés chez 
des animaux alcoolisés. 
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A Retinoic Acid Receptor Antagonist Suppresses Brain
Retinoic Acid Receptor Overexpression and Reverses a
Working Memory Deficit Induced by Chronic Ethanol
Consumption in Mice
Serge Alfos, Catherine Boucheron, Véronique Pallet, Denise Higueret, Valérie Enderlin, Daniel Béracochéa,
Robert Jaffard, and Paul Higueret
Background: Chronic ethanol consumption induces disorders in the biosynthesis of retinoic acid, an
active derivative of vitamin A. Recent evidence suggests that an alteration in the retinoic acid signaling
pathway leads to impairments in learning and memory in adult mice. We have previously shown that
chronic ethanol consumption in mice produces an increased expression of the brain retinoic acid receptor
 (RAR) mRNA. These results prompted us to examine whether suppressing the overexpression of
retinoid receptors in alcohol-treated mice by RAR antagonist administration would reverse their cognitive
impairment.
Methods: After 10 months of ethanol consumption (12% v/v in drinking water), C57BL/6 mice were
submitted to a working memory task in a T-maze. Then, mice of the control and the ethanol-treated groups
received an RAR antagonist (CD2665 0.6 mg/kg) for 22 days. The behavioral effect of CD2665 admin-
istration was evaluated on a spontaneous alternation task and the neurochemical effect was measured by
quantifying the mRNA expression of RAR, RAR, retinoid X receptor (RXR/) and tissue transglu-
taminase (tTG; a retinoic acid-target gene).
Results: Mice submitted to ethanol treatment exhibited a progressive decrease in spontaneous alterna-
tion rates over successive trials. Moreover, these mice displayed an increased expression of brain RAR
and RXR/ mRNA, together with an increased level of tTG mRNA and enzymatic activity. The admin-
istration of CD2665 to alcohol-treated mice totally reversed the working memory deficit and suppressed the
overexpression of brain RAR, RXR/ and tTG mRNA, whereas the same treatment in control mice
decreased only the RAR mRNA level without affecting memory performance.
Conclusion: These data point to the potential role of the retinoid signaling pathway in memory processes
and suggest that the overexpression of brain RAR and RXR/ could be responsible, at least in part, for
some memory impairments observed during chronic ethanol consumption.
Key Words: Retinoic Acid, Retinoic Acid Receptor Antagonist, Tissue Transglutaminase, Chronic
Ethanol Consumption, C57BL/6 Mouse Brain.
CHRONIC ETHANOL CONSUMPTION in humansand animals has been found to result in brain damage
that is often associated with learning and recent memory
impairments (Fadda and Rossetti, 1998; Oscar-Berman et
al., 1997). Long-term ethanol abuse is also known to impair
the nutritional status of numerous vitamins, including that
of vitamin A (retinol) (Seitz and Suter, 1994). Indeed,
various animal experiments have clearly shown that chronic
ethanol administration results in a depression of hepatic
vitamin A that cannot be attributed to insufficient vitamin
A intake or malabsorption (Sato and Lieber, 1981). Several
mechanisms by which ethanol might interfere with vitamin
A metabolism have been proposed, especially a mobiliza-
tion of retinol from liver to other organs, including the
brain (Frank et al., 1976; Leo et al., 1986), and also an
induction of enzymes involved in the biosynthesis pathway
of retinoic acid (Boerman and Napoli, 1996; Leo et al.,
1989). Retinoic acid, the most physiologically active deriv-
ative of vitamin A, acts as a hormone and fulfills vitamin A
roles during embryonic development and physiologic pro-
cesses in a number of adult organs (Sporn et al., 1994).
Recent studies have demonstrated that the effect of chronic
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alcohol intake on the retinoic acid biosynthesis pathway
may lead to an alteration of retinoic acid concentrations in
several organs, including the brain (Ullman et al., 1998;
Wang, 1999).
The retinoic acid signal is mediated by two classes of
nuclear receptors: the retinoic acid receptors (RAR, ,
and ), which are able to bind all-trans and 9-cis stereoiso-
mers of retinoic acid; and the retinoid X receptors (RXR,
, and ), which specifically bind 9-cis retinoic acid (Cham-
bon, 1996; Mangelsdorf et al., 1995). These receptors be-
long to the steroid/thyroid hormone nuclear receptor su-
perfamily and function as transcription factors by binding
to retinoid response elements in the promoter of target
genes, predominantly in the form of RAR/RXR het-
erodimers (Kastner et al., 1997; Mangelsdorf and Evans,
1995).
Although retinoid signaling is known to play an impor-
tant role during the normal development of the central
nervous system [see the review in Ross et al. (2000)], recent
evidence suggests that retinoids may play an important role
in the adult central nervous system. Indeed, it has been
shown that (1) the adult brain synthesizes retinoic acid and
contains much of the biochemical apparatus associated
with retinoic acid responsiveness and metabolism (Connor
and Sidell, 1997; Dev et al., 1993; McCaffery and Dräger,
1994); and (2) cellular retinoic acid and retinol binding
proteins are present in the adult brain (Zetterström et al.,
1999), and localized high levels of nuclear RAR have been
observed in different regions of the adult mouse central
nervous system (Krezel et al., 1999). Among the RARs,
RAR is the main isoform expressed in the mature brain
and is up-regulated by retinoic acid (Yamagata et al., 1993).
RXR and RXR are also expressed at high levels in the
adult brain (Krezel et al., 1999; Mangelsdorf et al., 1992).
Therefore, the high expression of RAR and RXR/ in
the brain suggests that these receptors may contribute to
specific functions in the central nervous system. This hy-
pothesis was supported by a study showing that RAR/
RXR knockout mice exhibit substantial performance def-
icits in spatial learning and memory tasks (Chiang et al.,
1998). More recently, we have shown that the retinoid
signaling pathway plays a fundamental role in adult mouse
brain. Indeed, retinoic acid administration restores the ex-
pression level of RAR and RXR/, which is depressed in
aged animals, and completely alleviates a specific age-
related memory deficit (Etchamendy et al., 2001).
We have previously shown that chronic ethanol con-
sumption in C57Bl/6 mice induces a strong activation of the
retinoid signaling pathway in the brain. This activation is
characterized by increased amounts of RAR messenger
RNA (mRNA) together with an increase in tissue transglu-
taminase (tTG) enzymatic activity (Alfos et al., 1996); tTG
is a RAR target gene considered as a good indicator of
retinoic acid action (Verma et al., 1992).
This study was designed to test the hypothesis that the
overexpression of RARs could, at least in part, be respon-
sible for some spatial memory deficits observed in ethanol-
treated mice. First, we examined the effect of 10 months of
ethanol consumption in C57Bl/6 mice that exhibited an
overexpression of RAR in the brain on a spatial working
memory task. Secondly, as an approach to unmask the
potential roles of retinoic acid signaling pathway overacti-
vation in some memory disorders, we studied the effects of
the administration of a RAR antagonist (CD2665) on the
retinoid signaling pathway and on the spatial memory per-
formance of alcohol-treated and control mice.
METHODS
Animals
The study was conducted in accordance with the European Communi-
ties Council Directives of 24 November 1986. Pathogen-free male mice of
the C57Bl/6 strain were received at 6 weeks of age from Iffa-Credo
(L’arbresle, France). Throughout the experiments, mice were maintained
on an automatic 12:12-hr light/dark cycle in a temperature-controlled
room (22  1°C). The animals were housed in groups of 10 mice in
collective cages.
Alcohol Administration
At 8 weeks of age, 55 mice were randomly assigned to one of the
following experimental groups: ethanol (n  20), pair-fed (n  10), and
water (n  25). As their only source of fluid, mice of the ethanol-treated
group were given an increasing progression of ethanol over a 10-month
period as follows: increments of 4% (v/v) solution per week for 3 weeks,
up to a maximum concentration of 12%. The solutions were mixed from
95% ethanol and supplemented with saccharose (30 g/liter). Solutions
were freely available to subjects in two 250-ml bottles in each cage. Dry
food was also freely available throughout the experiment (Extra-Labo,
Pietrement, France). Mice from the pair-fed group received an isocaloric
solution of dextri-maltose and an equivalent amount of dry food to that
consumed by ethanol-treated animals. Mice assigned to the second control
group had ad libitum access to dry food and tap water. Twice weekly, the
subjects were weighed, and the quantities of food, ethanol, and dextri-
maltose solutions consumed were measured. Mice were housed in indi-
vidual cages at least 4 weeks before behavioral testing began.
Behavioral Testing: Spontaneous Alternation
Spontaneous alternation is the innate tendency of rodents to alternate
on each trial the choice of the visited goal arm over a series of successive
runs (sequential procedure) in a T maze. The sequential procedure makes
it possible to distinguish between the rodent’s ability to alternate per se
(second trial of a series) from its progressive inability to do so as the
number of trials increases. In the latter case, repetitive testing (i.e.,
sequences of more than two trials) constitutes a potent source of proactive
interferences because the response on trial n (which depends on informa-
tion received on trial n  1) may be influenced by all previous information
received from trials 1 to n  2 (Grant, 1981). Accordingly, the task
involves a working memory component, because correct choices require
the subject to refer to specific information that varies from trial to trial
(Béracochéa and Jaffard, 1987).
In this study, working memory testing was conducted with an auto-
mated T maze constructed of gray Plexiglas. Door opening and closing
were monitored by a computer program that also recorded the sequence
of arm choices, running times, and choice latencies. The sequential alter-
nation procedure was the same as that previously described by Béracochéa
et al. (1987). Briefly, 3 days before the beginning of testing for spontane-
ous alternation, the animals were given free exploration sessions daily of
5 min each to familiarize them with the apparatus. Then, animals were
submitted to a daily session of six successive free trials, separated by a
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30-sec intertrial interval, for eight consecutive days. An alternation re-
sponse was quantified each time the subject entered the arm opposite to
that visited in the previous trial. This procedure has already revealed
memory deficits in BALB/c mice submitted to 12 months of alcohol
consumption (Béracochéa et al., 1987, 1995).
Drug Administration
CD2665, a RAR antagonist (Szondy et al., 1997), was synthesized by
Galderma/R.D. (Sophia-Antipolis, France). It was dissolved in a mixture
containing polyethylene glycol/NaCl 9‰/ethanol (70/20/10 v/v/v). Mice
were injected subcutaneously with 0.6 mg of CD2665 per kilogram body
weight per day in a volume of 100 l. The control group received only
polyethylene glycol/NaCl 9‰/ethanol (vehicle) administration. This per-
centage of ethanol corresponded to an amount of 0.24 g of alcohol per
kilogram body weight in the vehicle injections. We used a dose of RAR
antagonist that was previously shown to suppress RAR mRNA overex-
pression in brains of alcohol-treated mice (S. Alfos, unpublished data,
1998).
Experimental design
Phase 1. After 10 months of alcohol consumption, mice in each group
were first submitted to the sequential alternation procedure (daily sessions
of six successive trials for 8 days) to ensure that alcohol-treated mice
displayed a spatial working memory deficit on this task (Fig. 1). To avoid
any acute effects of alcohol on behavior, the ethanol solution was removed
3 hr before the beginning of the spontaneous alternation task at 10:00 AM.
We measured blood alcohol levels in the same conditions at the time of
death.
Phase 2. At the end of the 8 days of behavioral testing, mice of the
control and alcohol-treated groups were randomly divided into five sub-
groups: water, pair-fed, alcohol, alcohol and CD2665, and water and
CD2665. Each group received either the RAR antagonist CD2665 (0.6
mg/kg body weight) or the vehicle. Treatments were administered subcu-
taneously at 6:00 to 7:00 PM each day for 2 weeks. Then mice of each
group were submitted to the spontaneous alternation task according to the
same procedure as previously used in phase 1. Animals continued to
receive treatments (CD2665 or vehicle) until completion of behavioral
testing (i.e., for 8 days). Mice were killed 12 hr after the last injection, and
the brain was rapidly removed and stored at 80°C for subsequent
analysis.
Quantitation of Brain mRNA
Brain mRNA amounts coding for RAR, RAR, RXR/, and tTG
were determined by reverse transcription-polymerase chain reaction (RT-
PCR) assay with -actin as an internal control. To minimize the variability
and optimize the reliability of the ensuing quantification, -actin was
simultaneously reverse-transcribed and amplified in the same test tube.
The constancy of the level of -actin mRNA was verified in our experi-
mental conditions by using a competitive RT-PCR method and the PCR
MIMIC™ Construction Kit (Clontech Laboratories, Palo Alto, CA), ac-
cording to the manufacturer’s protocol. Moreover, it is known that long-
term ethanol consumption in rodents does not affect brain -actin mRNA
levels (Putzke et al., 1998). Extraction of RNA was performed according
to Chomczynski and Sacchi (1987). The integrity of the purified RNA was
confirmed by formaldehyde-denaturing agarose gel electrophoresis. The
quality and the concentration of RNA were determined by measurement
of the ultraviolet (UV)260/UV280 absorbance ratio. The complementary
DNA preparation, PCR analysis, and quantitative determination of PCR
products were performed as previously described by Alfos et al. (1996).
Aliquots of the PCR reaction were sampled after each amplification cycle
(from the 7th to 24th cycles), and the coamplified fragments were sepa-
rated by acrylamide gel electrophoresis. The determination of the propor-
tion of RAR, RAR, RXR/, and tTG mRNA to -actin mRNA was
calculated according to the method of Chelly et al. (1990) by using a
semilogarithmic representation of the relative extent of amplification mea-
sured by counting the amount of [-32P]deoxycytidine triphosphate incorpo-
rated. The oligonucleotide primers for the -actin, RAR, RXR/, and tTG
were the same as those previously used by Enderlin et al. (1997). The primers
for RAR were 5'-GCTGGGCAAGTACACTACGAAC-3', corresponding
to nucleotides 843 to 864, and 5'-GGCGAACTCCACAGTCTTAATG-3',
corresponding to nucleotides 939 to 960 (Zelent et al., 1989). The identity and
specificity of amplified products were verified by sequencing with the Dye
Terminator Reaction Cycle Kit (Perkin-Elmer, Norwalk, CT) and were an-
alyzed on an Abi Prism 377 automated DNA sequencer (Perkin-Elmer).
Blood Alcohol Level Assay
To determine blood alcohol levels, trunk blood was collected at the
time of death. Ethanol solution was removed 3 hr before death to use the
same experimental conditions as in the behavioral study. Blood alcohol
concentrations were enzymatically determined with an alcohol dehydro-
genase assay kit (Beckman Coulter, Inc., Fullerton, CA) by using a Beck-
man Synchron CX analyzer.
The tTG Assay
Brain homogenates for the tTG assay were prepared as previously
described by Alfos et al. (1996). The tTG-specific activity was measured by
detecting the incorporation of [3H]putrescine into N,N'-dimethylcasein
according to the method of Piacentini et al. (1986).
Statistical Analysis
Values are given as means  SEM. For the biochemical study, the
statistical significance of differences between means was calculated by
ANOVA followed by Student’s t test by using Minitab statistical software
(Minitab, Inc., State College, PA). Statistical analysis for the behavioral
study was performed by using an ANOVA followed by an appropriate post
hoc test (Scheffé’s F test); p values 0.05 were considered significant.
RESULTS
Nutrient and Alcohol Intake
As shown in Table 1, daily caloric intake provided by dry
food in ethanol and pair-fed mice was inferior to that
consumed by untreated animals. Nevertheless, as pair-fed
and ethanol subjects consumed large amounts of dextri-
maltose or ethanol solutions, the total caloric intake (dry
food and liquid solution) was superior in these two groups
compared with that consumed by the water group. How-
ever, it should be noted that experimental subjects did not
exhibit any statistically significant differences in weight gain
or body weight after 10 months of ethanol consumption
(31.8  2.1 g, 33.9  1.3 g, and 32.7  2.2 g for the ethanol,
pair-fed, and water group, respectively).
Fig. 1. Experimental design of the behavioral procedure. C57Bl/6 mice were
submitted to a working memory task after 10 months of 12% ethanol
consumption.
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Mice consumed a mean of 4.7  0.2 ml of 12% ethanol
solution per day, and this represents a mean of 13.2  0.4 g
of ethanol per kilogram body weight per day. These results
are in agreement with those of previous studies (e.g., Kishi-
moto et al., 1995; Whittington and Little, 1990).
Blood Alcohol Levels
Blood alcohol levels were measured 3 hr after ethanol
solution was removed between 10:00 and 11:00 AM. At this
time, which corresponded to the beginning of the memory
test, very low levels of ethanol were found in the blood of
alcohol-treated mice (control, 0.0  0.0 mg/dl; ethanol,
4.0  2.0 mg/dl). Moreover, CD2665 administration to
alcohol-treated mice did not modify blood alcohol levels.
Mortality and Weight Gain Induced by the Treatments
No mortality was encountered in ethanol, pair-fed, or
water animals during alcohol or CD2665 treatments. More-
over, neither CD2665 (0.6 mg/kg/day) nor vehicle (polyeth-
ylene glycol/NaCl 9‰/ethanol) administration for 22 days
induced any statistically significant differences in body
weight (i.e., 32.6  1.7 vs. 32.1  1.3 g, respectively, before
and after CD2665 treatment).
Behavioral Study
Effect of 10 Months of Ethanol Consumption on Working
Memory. Because no significant differences in the rates of
spontaneous alternation were observed between the pair-
fed and the water groups (all F  1.0), they were pooled as
the control group for statistical analysis. As previously
shown by Béracochéa et al. (1987), no significant differ-
ences were observed in running times and choice latencies
between the control and the alcohol-treated groups. As
shown in Fig. 2, animals displayed a progressive decrease in
spontaneous alternation rates from the second to the last
(trials 5  6) trials of the session [repeated measures,
F(2,84)  25.0, p  0.001]. However, whereas no significant
between-group differences were observed on trial 2 and
trials 3  4 (F  0.65, not significant), the additional 5 
6 trials resulted in a significant impairment of spontaneous
alternation in the alcohol group (51.7  2.3%) with respect
to the control group [66.1  2.6%, F(1,42)  14.9, p 
0.001].
Effect of CD2665 Administration in Control and Ethanol-
Treated Mice on Working Memory. Results are summarized
in Fig. 3. Because data analysis revealed no significant
differences in the rates of spontaneous alternation between
the pair-fed and the water-fed animals treated with poly-
ethylene glycol/NaCl/ethanol (all F  1.0), they were also
pooled as the control group for statistical analysis. As in the
previous set of measures, there was an overall decrease in
spontaneous alternation rates from the second to the last
two trials of the session [repeated measures, F(2,80) 
7.40, p  0.01], with between-group differences emerging
on trials 5  6 [F(3,40)  3.30, p  0.05] but not before
(trial 2 and trials 3  4, F  1.0). Specifically, the impair-
ment of spontaneous alternation rates produced by alcohol
consumption with respect to controls (51.3  5.5% vs. 66.8
Table 1. Mean Daily Caloric Intake as Dry Food and Liquid Solutions by the
Water, Pair-Fed, and Ethanol Groups of Mice Used in the Study
Group






Water 334  6a — — 334  6a
Pair-fed 276  11b 131  4 — 407  10b
Ethanol 284  6b — 99  5 383  7b
Values are mean  SEM from either 10 animals for the water and pair-fed
groups or 20 animals for the ethanol group. It should be noted that in ethanol
solution, 16.5 kJ were provided by saccharose and 82.5 kJ were provided by
ethanol itself. Values not sharing the same superscript letter (a and b) are signif-
icantly different from each other, p  0.05 (Student’s t test).
Fig. 2. Mean percentage (SEM) of spontaneous alternation as a function of
trials before CD2665 administration. Individual alternation scores recorded for
eight consecutive days were averaged to determine the mean percentage alter-
nation rate per trial corresponding to a given group. Post hoc Scheffé test:
***significantly different from the control group, p  0.001.
Fig. 3. Mean percentage (SEM) of spontaneous alternation as a function of
trials after 22 days of CD2665 administration. Individual alternation scores re-
corded for eight consecutive days were averaged to determine the mean per-
centage alternation rate per trial corresponding to a given group. Post hoc
Scheffé test: **significantly different from the control group, p  0.01.
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 1.7 %, p  0.01) was totally reversed by the administra-
tion of CD2665 (alcohol  CD2665  66.7  5.5% versus
alcohol  placebo  51.3  5.5%, p  0.02). Conversely,
CD2665 administration to control animals did not produce
any significant change in the rate of spontaneous alterna-
tion (control  CD2665  66.6  5.5% versus control 
placebo  66.8  1.7%, not significant).
Neurochemical Study
Effect of CD2665 Administration on Brain RAR, RAR,
and RXR/ mRNA Expression in Control and Alcohol-
Treated Mice. Because no significant differences in the
expression level of brain RAR, RAR, or RXR/ were
observed between the pair-fed and the water groups, they
were pooled as the control group for statistical analysis. As
shown in Fig. 4, mice submitted to 10 months of ethanol
consumption displayed a significant increase in brain
RAR mRNA (84% versus control, p  0.01) and
RXR/ mRNA (32% versus control, p  0.05), but they
displayed no significant modification of RAR mRNA lev-
els. The administration of a RAR antagonist to control
mice produced a decrease only in brain RAR mRNA
levels (50% relative to control, p  0.01), without any
change in RXR/ mRNA levels, and produced a slight but
not statistically significant increase in RAR mRNA levels.
Moreover, our results clearly showed that the overexpres-
sion of both RAR and RXR/ mRNA was totally sup-
pressed in alcohol-treated mouse brain by RAR antago-
nist administration.
Effect of CD2665 Administration on Brain tTG Activity
and mRNA Expression in Control and Alcohol-Treated Mice.
Results concerning tTG are summarized in Fig. 5. As pre-
viously, no significant differences in tTG expression level or
specific enzymatic activity were observed between the pair-
fed and the water groups. Ten months of ethanol consump-
tion in C57Bl/6 mice produced a significant increase in both
brain tTG mRNA expression (88% versus control, p 
0.01) and specific enzymatic activity (20% versus control,
p  0.05). CD2665 administration for 22 days to control
mice did not produce any change in tTG mRNA expression
or specific enzymatic activity in the brain. However, the
same treatment to alcohol-treated mice produced a signif-
icant decrease in both tTG mRNA expression and enzy-
matic activity and normalized the expression levels to those
seen in control mice.
DISCUSSION
In the first part of our study, we investigated the spatial
memory performances of alcohol-treated mice on sponta-
neous alternation. Our results show that 10 months of
ethanol treatment in C57Bl/6 mice produced a significant
impairment of spontaneous alternation behavior. This re-
sult agrees with several reports that show that alcohol
treatment disrupts spontaneous alternation in rodents
(Béracochéa et al., 1987; Stone et al., 1996; Walker et al.,
1981). Experimental mice alternated at normal rates on the
second to fourth trials, with additional trials being required
to reveal the deficit. Moreover, the deficit was mostly ob-
served after alternated choices. Similar results were previ-
ously observed by Béracochéa et al. (1987) in BALB/c mice
submitted to the same alcohol treatment for 12 months. It
has been postulated that long-term ethanol consumption
impairs alternation because it increases the animal’s vul-
nerability to interferences (Béracochéa et al., 1987). Be-
Fig. 4. Effect of CD2665 administration on the expression of RAR (A), RAR
(B), and RXR/ (C) mRNA in control and alcohol-treated mouse brain. Data bars
represent mean  SEM of measures performed on three independent samples
(n  3) of two pooled whole brains per group (i.e., a total of six animals). *p  0.05
and **p  0.01 (Student’s t test), significantly different from the control group.
Fig. 5. Effect of CD2665 administration on the mRNA expression (A) and
specific enzymatic activity (B) of tissue transglutaminase (tTG) in control and
alcohol-treated mouse brain. Data bars represent mean  SEM of measures
performed either on three independent samples (n  3) of two pooled whole
brains per group (i.e., a total of six animals) for mRNA quantification or on four
whole brains for tTG activity assay. *p  0.05 and **p  0.01 (Student’s t test),
significantly different from the control group.
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cause animals were not submitted to a long period of
withdrawal (e.g., several weeks) before behavioral testing,
it may be that acute ethanol intoxication is responsible for
the memory deficit. However, the results of the blood
alcohol concentration assay 3 hr after ethanol solution was
removed indicate that very low levels of ethanol were de-
tected in the blood before the beginning of the behavioral
test. Moreover, the mice did not present any signs of with-
drawal after ethanol removal, such as tremor or convulsive
behavior induced by handling during the working memory
task. In fact, it has been shown that mice voluntarily con-
sume ethanol at night simultaneously with food intake
(Dole et al., 1985). Thus, in these experimental conditions,
the working memory deficit observed in alcohol-treated
mice cannot be the result of an acute effect of ethanol but
must be considered as an effect of long-term ethanol abuse.
This spatial working memory deficit observed in alcohol-
treated mice was associated with an overexpression of brain
RAR mRNA; this confirms previous studies from our
laboratory that show that chronic ethanol consumption
increases RAR mRNA amounts in the brain and liver of
C57Bl/6 mice (Alfos et al., 1996; Pallet et al., 1993). More-
over, this study provides the first evidence that chronic
alcohol consumption induces an overexpression of
RXR/ mRNA in mouse brain. This is of major impor-
tance because RAR-RXR heterodimers have been shown
to be the functional units for transducing retinoic acid
signaling and because RXR is the common partner of
several nuclear hormone receptors (Kastner et al., 1997).
However, the expression of RAR mRNA, which is ex-
pressed in adult brain to a lesser extent than RAR (Kato
et al., 1992; Krezel et al., 1999), is unaffected by ethanol
treatment. It is well known that RAR, but not RAR, is
up-regulated by its own ligand, retinoic acid, in several
organs, including the brain (Kato et al., 1992; Yamagata et
al., 1993). Moreover, it has been shown that retinoic acid
can increase RXR/ mRNA expression in adult mouse
brain (Enderlin et al., 1997). Thus, the increase in RAR
observed in alcohol-treated mouse brain could be the result
of an increased amount of retinoic acid. Indeed, Ullman et
al. (1997) have reported that ethanol induces a strong
increase in all-trans and 9-cis retinoic acid synthesis in
cerebellar astrocyte cultures. More recently, these authors
demonstrated in vivo that ethanol induces an increase in
retinoic acid synthesis in the cerebellum and a decrease in
the cerebral cortex of adult rats (Ullman et al., 1998).
Other authors have reported that the adult brain can syn-
thesize retinoic acid (Connor and Sidell, 1997; Dev et al.,
1993; McCaffery and Dräger, 1994) and that enzymes in-
volved in the retinoic acid synthesis pathway could be
stimulated by ethanol, especially the microsomal retinol
dehydrogenase (Boerman and Napoli, 1996), the cytosolic
retinal dehydrogenase (Leo et al., 1989), and cytochrome
P-450 1A1 and 1A2 (Roberts et al., 1995). These data argue
in favor of an increased retinoic acid synthesis in certain
brain structures during long-term ethanol consumption in
adult mice.
In this study we also investigated the expression of tTG
as an indicator of retinoid action (Verma et al., 1992). Our
results show an increase in brain tTG enzymatic activity
after 10 months of ethanol consumption, and this confirms
our previous study (Alfos et al., 1996). Sessa et al. (1997)
have also shown that 4 months of ethanol consumption in
rats causes a 200% increase in brain tTG enzymatic activity.
This increase is substantially (10-fold) higher than the in-
crease observed in our study. Our method of ethanol ad-
ministration resulted in an average daily intake of 13.2 
0.4 g of alcohol per kilogram body weight, which represents
approximately 20% of the total caloric intake. This is quite
moderate compared with other alcoholization models in
which ethanol comprises 35–40% of the available calories
(Lieber and De Carli, 1994; Walker et al., 1981). Because
Sessa et al. (1997) used the Lieber-De Carli ethanol diet in
their study, the difference in the alcoholization procedures
between the two studies could explain the major differences
observed in tTG activity induction. The originality of our
study is that we also measured an induction of brain tTG
mRNA expression after chronic ethanol consumption. This
increase in brain tTG mRNA expression agrees with the
RAR and RXR/ overexpression; it is now well estab-
lished that retinoid status influences tTG expression in
several organs (Verma et al., 1992) because of a retinoic
acid response element located in the promoter of this gene
(Nagy et al., 1996).
The main result of our study concerns the neurochemical
and behavioral effects of CD2665 administration. As ex-
pected, CD2265 decreased RAR mRNA expression both
in control and alcohol-treated mouse brain without altering
RAR mRNA levels. Indeed, this RAR antagonist is spe-
cific to the RAR isoform (Szondy et al., 1997). However,
the functional consequences of CD2665 administration on
tTG expression and on working memory were different in
control and alcohol-treated mice. In normal mice, CD2665
treatment affected neither tTG expression nor working
memory, despite a 50% decrease in brain RAR mRNA
level. These results could seem surprising in view of the
recent data concerning the involvement of retinoid recep-
tors in higher memory function in adult mice. Indeed,
Chiang et al. (1998) have shown that RXR/RAR knock-
out mice exhibit substantial performance deficits in a spa-
tial memory task. More recently, we demonstrated that
brain aging in mice is associated with a hypofunction of
RAR and RXR/ signaling pathways and with a specific
age-related memory deficit that can be alleviated by reti-
noic acid administration (Etchamendy et al., 2001). How-
ever, contrary to these studies, CD2665 treatment de-
creased only the brain RAR signaling pathway but not the
RXR signaling pathway. It has been shown that RXR plays
a crucial role as a heterodimeric partner for a number of
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nuclear receptors, including RAR (Chambon, 1996; Man-
gelsdorf and Evans, 1995). Thus, it is probable that the sole
decrease in RAR in normal mouse brain in our experi-
mental conditions is not sufficient to induce functional
alterations. This hypothesis is in agreement with the lack of
effect of CD2665 administration on tTG expression, a gene
known to be optimally induced by RAR/RXR het-
erodimers (Nagy et al., 1996). Moreover, our results show
that CD2265 treatment induces a slight, but not significant,
increase in RAR mRNA expression, which could com-
pensate for the RAR decrease.
In ethanol-treated mice, our results clearly demonstrate
that administration of a RAR antagonist suppresses the
overexpression of both RAR and RXR/ mRNA in the
brain. The molecular mechanisms leading to the inhibition
of RXR/ overexpression by CD2665 administration re-
main undefined. Nevertheless, a direct effect of CD2665 on
RXR/ may be excluded because the affinity of this com-
pound for these receptors is very low: Kd  1000 nM
(Szondy et al., 1997). The functional consequence of the
normalization of these signaling pathways by CD2665 ad-
ministration is a complete reversal of the working memory
deficit observed in ethanol-treated mice. It has been known
for a long time that maternal hypervitaminosis A induces
learning impairments in newborns [for a review, see Adams
(1993)], and, as previously discussed, recent data demon-
strate that RAR hyposignaling in adult mice may result in
memory deficits (Chiang et al., 1998; Etchamendy et al.,
2001). In contrast, little is known regarding the behavioral
effects of RAR overexpression in adult brain. However, our
results suggest that RAR and RXR/ overexpression
may, at least in part, be responsible for the working mem-
ory deficit observed during chronic ethanol consumption.
Taken together, these data suggest that in adult brain, an
optimal range of retinoic acid (and consequently of RARs)
is necessary for normal memory function. It is noteworthy
that dysregulation in retinoid transcription events has also
been considered as a potential etiological factor in neuro-
developmental diseases such as schizophrenia (Goodman,
1998) or neurodegenerative disorders such as Alzheimer’s
disease (Connor and Sidell, 1997). The question that arises
is how retinoid receptor overexpression might contribute to
memory deficits during chronic ethanol consumption. Be-
cause retinoid receptors function as transcription factors, it
is quite probable that retinoid receptor overexpression in-
duces an altered regulation of target genes that are critical
for memory processes. Several genes regulated by retinoic
acid and involved in neurobiological functions have been
characterized, such as the D2 dopamine receptor (Krezel et
al., 1998), the NMDA receptor (Beczkowska et al., 1996),
the protein kinase C substrate neurogranin (Enderlin et al.,
1997), the calmodulin kinase II (Chen and Kelly, 1996), and
a variety of cholinergic-specific proteins [for a review, see
Malik et al. (2000)]. We hypothesize that the administra-
tion of CD2665 normalizes the expression of retinoic acid
target genes in alcohol-treated mice by blocking RAR and
RXR/ overexpression. Our results concerning tTG agree
with this hypothesis because CD2665 administration to
alcohol-treated mice corrects tTG expression levels. More-
over, tTG could also be one of the retinoic acid target genes
involved in memory processes because it has been reported
that this enzyme plays a role in long-term potentiation and
synaptic transmission [see the review in Lesort et al.
(2000)].
In conclusion, our results suggest that the fine regulation
of retinoid signaling pathways is fundamentally important
for optimal brain functioning and memory. Specifically, an
overexpression of brain RARs, mainly RAR and
RXR/, induced by chronic ethanol consumption might,
at least in part, be a potential etiological factor responsible
for some cognitive deterioration. Additional studies are
under way to identify retinoic acid target genes dysregu-
lated during chronic ethanol consumption and potentially
involved in the working memory deficit observed in this
study.
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En résumé, cette étude nous a permis de mettre en évidence que l’administration d’un 
antagoniste spécifique du récepteur nucléaire RARβ (CD2665) à des animaux alcoolisés 
supprime la surexpression des récepteurs de l’AR (RARβ, RXRβ/γ) et entraîne une amélioration 
de certaines performances mnésiques. C’est pourquoi on peut envisager que la surexpression 
des RARs dans le cerveau, et principalement des RARβ et RXRβ/γ, induite par une 
consommation chronique d’alcool, contribue à l’apparition de certains troubles mnésiques. 
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Expression des récepteurs nucléaires de l’AR et de la T3
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Expression de gènes cibles de l’AR et de la T3
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ETHANOL CONSUMPTION REVERSES THE AGE-RELATED
HYPO-EXPRESSION OF TRIIODOTHYRONINE AND RETINOIC ACID NUCLEAR
RECEPTORS AND ASSOCIATED TARGET GENES CODING FOR NEUROGRANIN AND 
















Ethanol consumption reverses the age-related hypo-expression of 
triiodothyronine and retinoic acid nuclear receptors and associated target genes 
coding for neurogranin and neuromodulin in mouse brain. 
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2.2. Alcohol administration 
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2.3. Quantification of mRNA 
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Analysis of gene expression using real-time polymerase chain reaction 
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2.4. GAP-43 and RC3 Western blot analysis 
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2.5. Assay for tissue transglutaminase activity 
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2.6. Statistical analysis 
/", / <%+! /, 8/!, /! , /!/ , ;  0 8/! *2( 0 , / %, %./"
,%<!%;%./!. ; %;;!., = R! 8/!, R/, ./"."/  =C  ;""R =C /!
/333%/  post-hoc  ,  *5%,0,  , 2 ,%!< / /30%.,",; R/ */!<%, %.,





3.1. Nutritional and alcohol intake 
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3.2. Effect of aging and ethanol consumption on brain RARα, RARβ, RXRβγ and TRαβ
mRNA expression levels 
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Figure 1: Effect of ethanol consumption on the mRNA level of T3 and RA nuclear 
receptors in the brain of adult (11 months) and aged (22 months) mice.
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3.3. Effect of aging and ethanol consumption on RC3 and GAP-43 mRNA and protein levels 
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Figure 2: Effect of ethanol consumption on the expression of RC3 and GAP-43 mRNA (A) 
and protein (B) in the brain of adult (11 months) and aged (22 months) mice. 
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3.4. Effect of aging and ethanol consumption on brain tTG activity 
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Table 1: Effect of ethanol consumption on tissue transglutaminase specific activity in 
the brain of adult and aged mice.

 tTG activity (pmol 3H putrescine/h per mg 
protein) 
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4.1. Effect of aging on RA and T3 nuclear receptors and target genes 
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4.2. Effect of ethanol consumption on RA and T3 nuclear receptors and target genes 
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4.3. Effect of ethanol consumption on synaptic plasticity process in aged mice: possible 
involvement of RA and T3 signalling pathways 
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ETUDE DES EFFETS D’UNE CONSOMMATION MODEREE 
D’ALCOOL SUR L’ACTION CELLULAIRE DE L’ACIDE
RETINOÏQUE ET DE LA TRIIODOTHYRONINE AU COURS DU 
VIEILLISSEMENT CEREBRAL

   Résultats : Chapitre IV
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Expression des récepteurs nucléaires de l’AR et de la T3
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MODERATE ETHANOL CONSUMPTION SUPPRESSES AN AGE-RELATED
RELATIONAL MEMORY DEFICIT IN MICE: INVOLVEMENT OF RETINOID





























































Moderate ethanol consumption suppresses an age-related memory deficit in mice: 
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2. MATERIALS AND METHODS
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2.2. Alcohol administration 
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2.3. Behavioural testing 
0/+%/"  , %!< R/, ./%   ,%!< / ;""C / 8/  "+/  7/8 /%/"
8/S(03.R/,,.%=%!;""",R0*,/%<0  et al(#TTTF .0/8!C
et al(
&&#2(%;"C 0/!%8/",R3<,,%+"C;3%+*+ 0/C,2%! 
8/%! /%! 0%=CR%<0 / /, /=""+"%((T&X; 0;;%!<R%<0  0<0  0


/ %! ;  , %!<( 0!  0C R ;%,  0/=% /     0 8/S + / 3% ;  R /C,
*,0/3%!<2(%!< 0%,3% 0CR%!%+%/""C/""R 8+;"C%! 08/S! %"
 0C0/."". /R/;8/.0; 0%<0 37=/% /8,(

    2.3.1. Discrimination tasks
0 63%8! /" ,%<! %, ,0R! %!5%<( #( 5 %,.%8%!/ %!  /%!%!< /.0 ,=$. 
R/, 0!%!%+%/""C/,,%<!,%6/$/.! /8,( ; 0, 0,+/,3,% %+*=/% 2
/8, /!  0 8/%!%!<  0 ,+ /, !</ %+ *!  =/% 2 /8,( 0 "/ %+ "./ %!, ;




    2.3.2. Stage 1
! , /<#  0 ,%6/8,R3,! !/ /  %8,%!</<7!7<%,.%8%!/ %!
3. e%(( %!/.0  %/"  0  !"C!/8*R0%.0."=/3,% %+!</ %+
!2R/,3!f(/.0/%"C,,,%!.!,%, ;
' %/",,3// =C/#&,%! +/"R% 0;
3,! / %!, ; /.0 ;  0 ,%6 /8, /..%!<   / 3,7/!8%, ,1!.( =$. ,
R  /%! %! , /<#! %"  0C /.0/ .% %!3;8/!.R% 0  0 / %= R!  0
8%/!"/ !.C ! !</ %+/!3,% %+/8,=%!<n#(O; 0*"/, 2,,,%!/!R% 0/!
+/""/ %n#(K; 0"/, 




    2.3.3. Stage 2
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    2.3.4. Measures of performances
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2.4. Quantification of mRNA 
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2.5. In situ hybridisation 
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   2.5.3. Quantification and image analysis
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2.6. Gap-43 and RC3 Western blot analysis 
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2.7. Statistical analysis 
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 3.1. Nutritional and alcohol intake 
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 3.2. Behavioural data 
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 3.3. Biochemical data 
  3.3.1. Effect of aging and moderate ethanol consumption on brain TRα/β,
RARα, RARβ and RXRβ/γ mRNA levels 
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4.1. Involvement of RA and T3 signalling pathways dysfunction in cognitive deficits 
in aged mice  
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4.2 Distinct effects of moderate alcohol consumption, according to the age,on RA 
and T3 signalling pathways and on relational memory  
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4.3 Possible cellular mechanisms involved in the attenuation of the age-related 
memory deficits by moderate alcohol consumption 
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Dans ce contexte, nous avons cherché à préciser si l’expression des récepteurs 
nucléaires dans les PBMC pouvait constituer chez l’homme un marqueur des 
modifications de l’activité des voies de signalisation de l’AR et de la T3, accompagnant une 
consommation chronique d’alcool. C’est pourquoi, nous avons mis en place, dans la 
dernière partie de ce travail, une approche biomédicale, destinée à quantifier l’expression 
des récepteurs nucléaires de l’AR et de la T3 dans les cellules mononucléées du sang de 
sujets âgés consommateurs ou non d’alcool.  
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Tableau IV : Paramètres sériques caractérisant les statuts vitaminique A et 















































RBP: retinol binding protein ; TSH: thyréostimuline hypophysaire ; TTR: transthyrétine ; fT3: 
triiodothyronine libre ; fT4: thyroxine libre 
Les résultats sont donnés en moyenne ± s.e.m. 
j : différence significative entre les groupes de buveurs modérés et excessifs, p<0.05. 
Analyse de variance ANOVA, suivie du test LSD Fisher. Aucune autre variation significative n’a été 
mise en évidence suite à l’analyse statistique de ces résultats. 
Résultats : Chapitre V
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Figure 9 : Corrélations entre le niveau d’expression des ARNm des récepteurs 



































































































RELATIONSHIP BETWEEN LONG-TERM ALCOHOL CONSUMPTION AND 
RETINOIC ACID AND TRIIODOTHYRONINE NUCLEAR RECEPTOR



































Relationship between long-term alcohol consumption and retinoic 
acid and triiodothyronine nuclear receptor expression in 
mononuclear cells of healthy human subjects. 
(soumis à Alcoholism: Clinical and Experimental Research) 
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SUBJECTS AND METHODS 
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Blood sampling and analysis 
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Preparation of peripheral blood mononuclear cells (PBMC) 
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Quantification of nuclear receptor mRNA expression 
Total RNA extraction 
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Reverse transcription and real-time PCR analysis 
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Analysis of gene expression using real-time polymerase chain reaction 
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Table 1: sequences of the primers used for the RT and real-time PCR quantification
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Vitamin A and thyroid status in elderly drinkers
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Table 3: Plasma concentrations of vitamin A, thyroid hormones and transport proteins, 
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RA and T3 nuclear receptors expression in elderly PBMC drinkers
Table 4: Effect of alcohol consumption on the relative mRNA expression of RA 
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Fig. 1. Relationship between RARα mRNA expression in PBMC and alcohol 
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Fig. 2. Relationship between TRα mRNA expression in PBMC and alcohol intake 
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Figure 10 : Schéma illustrant la «normalisation» de l’expression des ARNm 
des récepteurs TRα, dans les PBMC de sujets âgés consommateurs d’alcool








































































A. RAPPELS DES PRINCIPAUX RESULTATS
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I- Implication potentielle de la suractivation des voies de 
signalisation de l’AR et de la T3 dans certains troubles 
neurobiologiques liés à une consommation chronique d’alcool chez 
l’animal adulte
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Figure 11 : Interférences entre les voies de métabolisation de la vitamine A et de l’éthanol
ADH1 et IV : alcool déshydrogénases de classe I et IV ; ALDH I et II : aldéhyde 
déshydrogénase de classe I et II ; RALDH : rétinal déshydrogénase ; MEOS : système microsomal 
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Figure 12 : Schéma récapitulatif des différents niveaux d’intervention de 
rétinoïdes et des hormones thyroïdiennes au niveau d’une synapse.
Glu : glutamate ; CaM : calmoduline ; CamKII : calmoduline kinase II ; PKC : protéine kinase C ; 
CaN : calcineurine ; tTG : transglutaminase tissulaire ; RC3 : neurogranine ; GAP-43 : neuromodiline ; 
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II- La consommation chronique d’alcool maintien l’activité 
cellulaire des voies d’action de l’AR et de la T3 et atténue les 
troubles neurobiologiques chez le sujet âgé
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III- Les effets de l’alcool sur les voies de signalisation de 
l’AR et de la T3 dépendent non seulement des quantités d’alcool 
ingérées, mais aussi de l’âge des animaux
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Figure 13 : Schéma synthétique illustrant les conséquences de la 
consommation d’alcool sur l’activité des voies de signalisation de l’AR et de la T3 et 
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PARTIE BIOMEDICALE
A. RAPPELS DES PRINCIPAUX RESULTATS
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I- Dans la population étudiée, la consommation d’alcool ne 
modifie pas les statuts vitaminique A et thyroïdien des sujets âgés
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II- L’expression des récepteurs RARα et TRα dans les PBMC 
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Un ensemble de données cohérentes plaide en faveur de l’intervention de l’alcool dans les 
métabolismes de l’acide rétinoïque (AR) et de la triiodothyronine (T3). Les conséquences potentielles 
de ce phénomène sont importantes compte tenu des rôles joués par l’AR et la T3 dans les processus 
neurobiologiques et cognitifs. Par ailleurs, divers arguments expérimentaux suggèrent qu’une 
hypoexpression des voies de signalisation cellulaire de l’AR et de la T3 puisse être impliquée dans 
l’apparition de certaines altérations neurobiologiques liées au vieillissement.  
Le premier objectif de notre recherche était de mieux comprendre l’influence d’une 
consommation chronique d’alcool sur l’action cellulaire de l’AR et de la T3, chez des souris C57Bl/6 
adultes et âgées, et ses conséquences neurobiologiques, en mesurant (i) l’expression des récepteurs 
nucléaires de l’AR (RAR, RXR) et de la T3 (TR) et de certains de leurs gènes cibles impliqués dans la 
plasticité synaptique (la transglutaminase tissulaire, la neuromoduline et la neurogranine), (ii) les 
performances mnésiques des animaux.  
Les principaux résultats obtenus montrent que : 
          L’administration d’un antagoniste de synthèse des RAR à des animaux adultes alcoolisés 
supprime la surexpression des RAR et RXR dans le cerveau et améliore leurs capacités mnésiques. 
          Une consommation modérée d’alcool, chez l’animal âgé, est susceptible de réinduire les voies 
de signalisation de l’AR et de la T3, hypoactivées avec l’âge, et d’atténuer certains déficits mnésiques 
liés au vieillissement. 
Ainsi dans les conditions d’alcoolisation chronique mises en œuvre nos résultats montrent que 
les répercussions neurobiologiques et cognitives induites par la consommation d’alcool dépendent de 
l’âge du sujet et produisent des effets «bi-directionnels» (i.e., une perturbation ou une facilitation). 
Par la suite, nous avons cherché à éprouver chez l’homme nos hypothèses construites à partir 
de données obtenues chez l’animal.  
Nous avons mis en évidence une corrélation entre la consommation d’alcool et l’expression 
des ARNm des TRα et RARα dans les cellules mononucléées du sang de sujets âgés, sans variation 
des paramètres sériques des statuts vitaminique A et thyroïdien. Ces résultats suggèrent (i) une 
augmentation de la biodisponibilité intracellulaire de l’AR et de la T3 induite par l’alcool, (ii) que 
l’expression des récepteurs nucléaires de l’AR et de la T3 dans les cellules mononuclées pourraient 
constituer un marqueur de l’impact de l’alcool sur les systèmes biologiques. 
Ce travail apporte de nouvelles données sur les répercussions d’une consommation d’alcool 
sur l’action cellulaire de l’AR et de la T3, et souligne la nécessité de prendre en compte non seulement 
les doses d’alcool ingérées mais aussi l’âge des sujets.  
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